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Background:  Failed  shoulder  arthroplasty  and  failed  internal  ﬁxation  in fractures  of the  proximal  humerus
can beneﬁt  from  implantation  of  a reverse  total  shoulder  arthroplasty  (RSA).  While  there  is some  evidence
that RSA  can  improve  function  regarding  range  of motion  (ROM),  pain,  satisfaction,  and  strength,  there
is sparse  data  how  this  translates  into  activities  of  daily  living  (ADLs).  A marker-based  3D  video  motion
analysis  system  has  recently  been  designed  that  can  measure  changes  of  ROM  in dynamic  movements  in
every plane.  The  hypothesis  was that  a gain  of  maximum  ROM  also  translates  into  the  ability  to  perform
ADLs  and into  a signiﬁcant  increase  of ROM  in  ADLs.
Materials and methods:  Six consecutive  patients  (5  women,  1 man;  2×  failed  arthroplasty,  4×  failed
open  reduction  and  internal  ﬁxation)  who  received  RSA  were  examined  the  day  before  and  1 year  after
shoulder  replacement.  A 3D  motion  analysis  system  using  a novel  upper  extremity  model  measured
active  maximum  values  and  ROM  in  four  ADLs.
Results: Comparing  the  pre-  to  the  1-year  postoperative  status,  RSA  resulted  in  a signiﬁcant  increase  in
mean maximum  values  for active  ﬂexion  (humerus  to  thorax)  of  37◦ (S.D.  ±23◦),  from  50  to  87◦ [P =  0.005],
and  for  active  abduction  averaging  of  17◦ (S.D.  ±13◦),  from  52  to  69◦ [P = 0.027].  The  extension  decreased
signiﬁcantly  by about  8◦ (S.D.  ±16◦),  from  a  mean  of 39 to 31◦ [P  = 0.009].  For  active  adduction  and  internal
and  external  rotation,  there  were  trends  for improvements,  but  no  signiﬁcant  changes.  Only  three  addi-
tional  tasks  of  the  ADL  (out  of 13/24  preoperatively)  could  be  performed  after  revision  surgery.  Comparing
the  preoperative  to the  postoperative  ROM  in  the ADLs  in ﬂexion/extension,  ROM improved  signiﬁcantly
in  one  (“tying  an apron”)  of four ADLs.  There  were  no signiﬁcant  changes  in  the  abduction/adduction  and
internal/external  rotation  in  any  ADLs.
Conclusion:  RSA  in revision  cases  signiﬁcantly  improved  maximum  active  ﬂexion  and  abduction,  but
decreased  extension  in  this  series.  However,  the patients  were  only  able  to use  this  greater  ROM  to  their
beneﬁt  in one  of  four ADLs.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.∗ Corresponding author. Clinic for Orthopedics and Trauma Surgery, Heidelberg
niversity Hospital, Schlierbacher Landstrae, 200a, 69118 Heidelberg, Germany.
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Patients with failed shoulder arthroplasty or failed open reduc-
tion and internal ﬁxation for fracture generally suffer from pain, and
range of motion (ROM) is poor; therefore, their ability to perform
activities of daily living (ADLs) is impaired. To regain functional
improvement in these patients, revision reverse total shoulder
arthroplasty (RSA) is widely used. The RSA position, as described by
Grammont and Baulot [1], medializes and lowers the glenohumeral
center of rotation. This increases the lever arm of the deltoid muscle
[2] and increases muscle ﬁber recruitment of the anterior and pos-
terior deltoid to compensate for a deﬁcient rotator cuff in patients
who receive revision surgery. By doing so, RSA can stabilize a gleno-
humeral joint even in patients with rotator cuff deﬁciency and bone
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eﬁcits [3]. In addition to pain relief, revision RSA can improve func-
ion in these patients [4–6], but the ability to perform ADLs can
emain impaired. A basic subjective assessment of ADLs is part of
he Constant score (CS) [7], but to date no objective data are avail-
ble on how ROM in each plane alters in ADLs after revision RSA.
herefore, the purpose of this study was to examine RSA in patients
ho have received revision surgery using marker-based 3D video
otion analysis and the Heidelberg Upper Extremity (HUX) model
hat can examine patients dynamically in all planes at once with no
estraints [8]. We  hypothesized that a gain in maximum ROM also
ranslates into a signiﬁcant ROM increase in ADLs.
. Materials and methods
.1. Subjects
The study included six consecutive patients (ﬁve females, one
ale) with a mean age of 71.3 years [S.D. ± 6.7] who  received an
equalis reverse shoulder prosthesis (Tornier Inc., Edina, MN,  USA)
or revision surgery. The dominant right side was involved in all six
atients and the same surgeon (FZ) in our department performed
he surgery in all patients. Four shoulders were converted for failed
pen reduction and internal ﬁxation; one shoulder was revised
rom a failed total procedure and one from a failed hemi-shoulder
rthroplasty with anterosuperior subluxation. Exclusion criteria for
his study were revision arthroplasty using the reverse prosthe-
is and concomitant glenoid reconstructions with tricortical iliac
rest bone grafting, because this can alter shoulder geometry and
he center of rotation of the glenosphere. The patients’ clinical and
unctional data were evaluated using the scoring system originally
escribed by Constant and Murley [7]. Each patient underwent pre-
perative conventional diagnostic plain-ﬁlm x-ray imaging in true
nteroposterior and axial projections.
.2. Surgical technique and implants
A standard surgical technique for implantation of a reverse
houlder prosthesis via a deltopectoral approach was  applied in
ll patients [9]. The Aequalis standard reverse shoulder prosthe-
is (Tornier Inc.) was used in all patients. We  adjusted the height
f the prosthesis by taking x-rays of the opposite side with a
uler if there was  severe bone loss. Then the position of the pros-
hesis was adjusted in relation to the epicondyles. The tubercles
ere readapted if this could be done with a stable result. If the
ubercles were dislocated and could not be reduced, they were
emoved if they acted as a lever during testing of the ROM. All
he humeral stems were cemented following insertion of a cement
estrictor. Unconstrained 6-mm humeral polyethylene liners were
hen impacted on all the humeral components. When subscapu-
aris reconstruction was possible (in ﬁve patients), the tendon
as repaired using three nonabsorbable tendon-to-tendon sutures.
ostoperative rehabilitation was also standardized. The arm was
laced in a 45◦ abduction splint or pillow for 4 weeks. The patients
ere mobilized during the ﬁrst 6 weeks with combined ﬂexion and
bduction of 60 and 0◦, respectively, external rotation. Beginning 6
eeks after surgery, all patients participated (as inpatients or out-
atients) in a 21-day program of free passive and active movement
t a specialized rehabilitation center to exercise muscle strength
nd ROM.
.3. Motion analysisThe study protocol was approved by the local ethics committee
S-305/2007), and informed consent was obtained from all patients.
he patients were examined the day before RSA and 1 year after: Surgery & Research 101 (2015) 191–196
surgery, as described previously [10]: a 12-camera motion analy-
sis system (Vicon 612; Vicon, Lake Forest, CA, USA) operating at
120 Hz was used to monitor the patients’ movements. The spatial
resolution of the system was  approximately 1 mm.  The underlying
model, the HUX model, as described by Rettig et al. [8], consists of
seven segments for optic 3D motion analysis of the upper extrem-
ity. It determines the shoulder joint center from the motion data
and is able to capture the motion of this calculated shoulder joint
center in relation to the torso. The model reduces skin movement
artifacts and accounts for variation in individual shoulder morphol-
ogy. The center of the joints is not deterministically deﬁned over
anthropometric averages based on markers that are ﬁxed on bony
prominences, such as in the model reported by Rab et al. [11], but
rather on the functional center of the joints, and the axes of the
joints are determined across the motion of the markers. Thereby, a
more exact exposure of the humerothoracic ROM succeeds in case
of subtracting out the motion of the spine and trunk. For motion
analysis, four markers were placed on the patients’ trunk as rec-
ommended by the International Society of Biomechanics [12] for
this measurement. Furthermore, four markers were placed on each
forearm: one at the ulnar and one at the radial styloid process of the
wrist, the other two, connected with a wand, on the ulna close to
the elbow joint. Technical coordinate systems for the ulna/forearm,
humerus, clavicle, and thorax were not deduced by optimization
methods as was  done for marker clusters [13]. Instead, they were
based directly on marker trajectories, i.e., the direction vectors
between them, using cross-products as reviewed by Chiari et al.
[14].
2.3.1. Recording maximum values and ADLs
After calibration trials, the actual measurement started: ﬁrst, the
maximum values were recorded for ﬂexion (anteversion), exten-
sion (retroversion), abduction, and adduction. The subjects sat on a
stool and were instructed to move their arm to the respective max-
imum position without moving the torso. The subjects repeated
the motion three times and the maximum angle was used. To
calculate the results for ﬂexion/extension together with abduc-
tion/adduction, the corresponding angles between the long axis of
the body and the humerus were recorded. The body’s long axis is
ﬁxed to the thorax; hence, compensatory motion of the thorax can
be monitored and separated from shoulder motion. To determine
the maximum ROM at ﬂexion/extension and abduction/adduction,
internal and external rotation was  dynamically assessed. The ﬂex-
ion/extension and abduction/adduction angles were expressed as
projection angles relative to the proximal anatomical coordinate
system. The maximum rotation, deﬁned by the globe convention
[15], was  measured at 90◦ of arm abduction to avoid the singu-
larities of the convention for the hanging arm/arm in the neutral
position. After determining the maximum values, the recordings
of four important ADLs commenced: this included the following
movements: “combing the hair” (Cmb), “washing the opposite
armpit” (Wsh), “wiping when using the toilet” (Wip), and “tak-
ing a book from a shelf” (Shlf). From a variety of ADLs of the ASES
and DASH, we  chose four to reduce the work load for the patients
and the time the patients had to spend in the experimental set-
ting [16]. The four ADLs were chosen in an interviewing process:
based on the ASES and DASH lists of ADL tasks, we asked the
patients to tell us which they considered relevant to their daily
routine. The patients in the age group examined found tossing a
ball, for example, irrelevant to their daily routine. This selection
of tasks was  completed by checking for the main planes of move-
ment: we wished to include a task that requires a high degree of
internal rotation, therefore “wiping when using the toilet” was
included. Furthermore, high ﬂexion was  considered important,
e.g., for taking a cup from the cupboard, which is why we  included
“putting a book on the shelf”. “Combing hair” was considered
tology: Surgery & Research 101 (2015) 191–196 193
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mportant, especially in the female population, and this task
ncludes a high degree of external rotation. Performing personal
ygiene with “washing the axilla” was also found to be very relevant
o daily life.
Starting from the seated position mentioned above, the subject
as asked to perform these movements. The original position was
he static calibration recording and each movement was conducted
hree times in a row. For “Cmb” the subject was given a comb and
sked to place it on the forehead and comb from there to the back of
he head and then to return to the original position. For “Wsh” the
ubject was given a washcloth and asked to move it to the opposite
rmpit in a typical movement of washing in this area and then to
eturn to the original position. For the “Wip” movement, the subject
as was also given a washcloth and asked to move his or her hand
o the buttocks and make a typical wiping motion – as when using
he toilet – and then to return to the original position. For “Shlf”,
 height-adjustable shelf was employed. The height of the shelf
as set at the forehead and the book was centered and positioned
t each participant’s respective arm length. Then the patients took
he book in their hand, moved back to the original position with the
ook, put it back on the shelf, and ﬁnally returned to the original
osition without the book.
.3.2. Scoring techniques
The CS, the American Shoulder and Elbow Surgeons score
ASES), and the Disability of Arm, Shoulder, and Hand score (DASH)
7,17,18] were rated pre- and postoperatively. The ASES consists of
7 questions in the ﬁelds of sports and ADLs. The DASH consists
f a 30-item disability/symptom scale. The CS consists of ﬁve sub-
cores dealing with pain, activity level, arm positioning, strength,
nd active motion in ﬂexion, abduction, and external and internal
otation.
.4. Statistics
Statistical analysis was performed using SPSS Version 16.0 (SPSS
nc., Chicago, IL, USA). Group mean values and standard deviations
S.D.) were calculated. P-values < 05 were considered statistically
igniﬁcant. A paired t-test was used to compare the preopera-
ive and postoperative CS and subscores. The distribution of the
ata was checked with the Shapiro-Wilk test, and the homogene-
ty of variance was assessed using the Levene test. The angle of
he humeral axis to the axis of the trunk in the sagittal (ﬂex-
on/extension) and coronal planes (abduction/adduction) and the
otation of the humerus in relation to the trunk were determined.
he maximum angles for each task were monitored and the average
f the three repetitions were taken. The ROMS of the ADL in each
lane were compared preoperatively and postoperatively with a
aired t-test.
able 1
reoperative and 1-year postoperative clinical outcome in patients with RSA for revision.
Preoperativea
Constant score (points) 20.2 ± 4.1 (16–26) 
Pain  (points) 8.2 ± 3.5 (4–13) 
Power (points) 0.0 ± 0.0 (0–0) 
Activity (points) 1.3 ± 0.7 (0–3) 
Mobility (points) 1.8 ± 1.0 (0–4) 
Flexion (degree) 2.0 ± 1,3 (0–4) 
Abduction (degree) 2.3 ± 0.8 (2–4) 
External rotation (degree) 0.3 ± 0.8 (0–2) 
Internal rotationa (points) 2.3 ± 0.8 (2–4) 
ASES  18.9 ± 7.9 (11.7–33.3) 
DASH  62.6 ± 9.5 (79.2–55.0) 
a The values are given as the mean and the standard deviation, with the range in pare
ould  be reached by the thumb.Fig. 1. Range of motion of the active maximum values with the standard deviation
comparing the preoperative to the 1-year postoperative status.
3. Results
3.1. Clinical outcome and patient satisfaction
After implanting the reverse shoulder prosthesis, no addi-
tional revision surgery was  needed for implant failure in the early
follow-up. The mean raw CS for the entire cohort (including failed
arthroplasty and failed open reduction internal ﬁxation) improved
from 20.2 points (±4.1 [16–26 points]) preoperatively to 30.7
points (±6.3 [25–43 points]) postoperatively (p < 0.0001). Signiﬁ-
cant differences were also found in mobility, shoulder ﬂexion, and
abduction (p < 0.05). There was  no statistically signiﬁcant improve-
ment in ASES or DASH scores. The preoperative and postoperative
clinical examination ﬁndings for the CS, ASES score, and DASH score
are shown in Table 1.
3.2. Active maximum values
Fig. 1 shows the active maximum values of the patient group
preoperatively and in the postoperative follow-up. Comparing the
preoperative to the 1-year postoperative status, RSA resulted in a
signiﬁcant increase in the mean maximum values for active ﬂex-
ion of about 37◦ (S.D. ±23◦), from 50 to 87◦ [p = 0.005], and for
active abduction of about 17◦ (S.D. ±13◦), from 52 to 69◦ [p = 0.027].
The extension decreased signiﬁcantly by about 8◦, from 39 to 31◦[p = 0.009]. For the active adduction and internal and external rota-
tion, there was  no signiﬁcant change. Mean active external rotation
values increased graphically by 9◦ (S.D. ±15◦), increasing from 11 to
Postoperativea P-value
30.7 ± 6.3 (25 to 43) <0.0001
5.7 ± 4.6 (0–10) 0.431
1.0 ± 2.4 (0–6) 0.363
2.6 ± 1.9 (0–8) 0.741
3.4 ± 1.1 (0–6) 0.010
4.7 ± 1.0 (4–6) 0.010
4.0 ± 1.3 (2–6) 0.042
2.3 ± 2.9 (0–6) 0.175
2.7 ± 1.0 (2–4) 0.363
46.4 ± 35.3 (18.3–100.0) 0.128
45.7 ± 20.7 (79.2–20.0) 0.052
ntheses. Internal rotation was  graded according to the posterior spinal region that
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Table 2
Patients and the ability to completely perform the activities of daily living before
and after surgery.
Cmb Wsh  Wip  Shlf
Patient 1
Preop 0 + + 0
Postop 0 + + 0
Patient 2
Preop 0 + + 0
Postop 0 + + 0
Patient 3
Preop 0 + + 0
Postop 0 + 0 0
Patient 4
Preop + + + 0
Postop + + + 0
Patient 5
Preop + + + 0
Postop + + + +
Patient 6
Preop 0 + 0 0
Postop + + + +
Cmb: combing the hair; Wsh: washing the axilla; Wip: wiping when using the toilet;
S
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ehlf: taking a book from a shelf; +: able to perform the ADL; 0: not able to perform
he ADL; preop: preoperative; postop: postoperative.
0◦ [ns], and mean active internal rotation values were graphically
igher by 10◦ (S.D. ±16◦), increasing from 7 to 17◦ [ns].
.3. ADLs
Preoperatively, only two patients were able to comb their hair
Cmb) and no patients were able to take a book from the shelf
Shlf), ﬁve patients were able to wipe when using the toilet, and all
atients were able to perform the ADL of washing the axilla. After
evision surgery, one more patient could perform the combing the
air ADL and two patients could take a book from a shelf post-
peratively (for details see Table 2). Comparing the preoperative
o the postoperative ROM in the ADLs for ﬂexion/extension, ROM
ig. 2. Range of motion in the four ADLs: combing the hair (Cmb), washing the opposit
helf  (Shlf). Comparison of the preoperative (black bars) and 1-year (gray bars) postopera
xtension, adduction, and internal rotation with negative values.: Surgery & Research 101 (2015) 191–196
improved signiﬁcantly in one out of four ADLs (wiping when using
the toilet; p = 0.032). There were no signiﬁcant changes in abduc-
tion/adduction and internal/external rotation in any ADL (Fig. 2).
4. Discussion
Our study demonstrates that RSA as a salvage procedure in the
management of failed arthroplasty due to rotator cuff-related insta-
bility and failed osteosynthesis in fractures improved maximum
active ﬂexion and abduction, but decreased extension (retrover-
sion) in this series. The 3D video motion analysis using the HUX
model as described previously [8] showed that patients were only
able to use this greater ROM to their beneﬁt in one ADL (wiping
when using the toilet) in the ﬂexion/extension plane. However, the
study did not show a signiﬁcant change in internal rotation, active
internal rotation was  graphically higher with a mean 10◦, which
might explain the improvement in doing the toilet use ADL.
As a clinical standard, maximum ROM after surgery is presently
scaled by using a manual goniometer, for example in CS assess-
ment [7,19]. In the CS, in addition to maximum ﬂexion, abduction,
and external rotation, the ability to perform ADLs is also evaluated.
However, inaccuracies of about 5–10◦ occur in goniometric mea-
surements of the upper extremity [20]. Furthermore, glenohumeral
shoulder joint motion can only be separated from motion in the
trunk, spine, and the residual shoulder girdle to a certain degree by
using this technique. With the marker-based 3D video motion anal-
ysis and the HUX model, the ROM used in complex ADLs can now
be measured exactly. Our study group published the comparison
of the system and biomechanical model with the manual goniome-
ter model and found intraclass correlation coefﬁcients of 0.989 for
intrasubject variability, 0.996 for intersubject variability, and 0.998
for interrater variability [21].
Some studies reported in the literature have analyzed RSA as
a salvage procedure using goniometric analysis, Constant scores,
ASES scores, and DASH scores. Levy et al. [6] reported the use of
RSA in 19 shoulders with severe pain and loss of function after failed
hemiarthroplasty for glenohumeral arthritis associated with severe
rotator cuff deﬁciency. They found statistically signiﬁcant improve-
ments in pain and functional outcome. After a mean follow-up of
e underarm (Wsh), wiping when using the toilet (Wip), and taking a book from a
tive ROM. Flexion, abduction, and external rotation is marked with positive values;
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Table  3
Active ﬂexion and active external rotation in patients with RSA as salvage procedure.
Disorder No FU Active ﬂexion RR
Austin et al., 2012 20 failed HSA
3 failed TSA
5 failed RSA
28 17 47 → 83 –
Boileau  et al., 2006 21 primary CTA
5 sequelae of fracture
19 failed HSA
45 40 55 → 121 13 overall, 42 for revision
De  Wilde et al., 2004 3 failed HSA for CTA
1 failed HSA for fracture
1 failed HSA with anterosuperior subluxation
5 30 Fair 20
Frankle  et al., 2005 19 failed HSA for CTA 19 44 50 → 76 32
Kelly  et al., 2012 11 failed HAS
8 failed TSA
1 failed CTA
10 reimplantations after septic prosthesis
30 42 → 106 10
Levy  et al., 2007 15 failed HSA for OA
4 failed HSA and allograft interposition for OA
19 44 50 → 76 32
Melis  et al., 2012 37 failed TSA 37 47 68 → 121 21
Patel  et al., 2012 11 failed TSR with rotator cuff insufﬁciency
6  failed TSR with instability
7  reimplantation after septic prosthesis
31 41 44 → 108
Walker et al., 2012 24 failed TSA 24 24 50 → 130 22
Werner  et al., 2006 15 failed HSA for fracture
5 failed TSR
1 failed HSA for OA
21 38 39 → 96 38
Current study 4 failed osteosynthesis for fracture
1 failed TSA for OA
6 12 50→87 0
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U: follow-up (months); No: number; RR: reoperation rate (%); CTA: cuff tear arthrop
is;  CUP: CUP prosthesis.
4 months, mean forward ﬂexion had improved by 26.4◦ and mean
bduction by 35◦. In the present short-term follow-up study, we
ound a signiﬁcant improvement in forward ﬂexion of 37◦ and in
bduction of 17◦ (Table 3).
In the Levy’s study, the revision rate was relatively high after
4 months, with six prosthesis-related complications in six shoul-
ers (32%), ﬁve showing severe bone loss of the glenoid, proximal
umerus, or both. Three shoulders (16%) had non-prosthesis-
elated complications. In the present study, after a short-term
ollow-up of 1 year, there were no revisions. Another study con-
ucted by Kelly et al. [3] showed an improvement in age- and
ender-related CS from 24% to 65% and the ASES score improved
igniﬁcantly from 55 to 72 in patients with RSA as a salvage proce-
ure. In comparison to our ASES score result, the ASES values were
ower in our patients, who showed a signiﬁcant improvement from
8.9 preoperatively to 46.4 postoperatively (Table 1).
Measuring ROM with a goniometer, Kelly described an aver-
ge active forward ﬂexion increase from 42 to 106◦. Patel et al. [5]
eported on 31 patients who received RSA to treat a failed shoul-
er arthroplasty and showed signiﬁcant improvements in the ASES
core from 24.0 to 66.2, which is comparable to our results. Active
orward elevation improved signiﬁcantly from 44 degrees preop-
ratively to 108 degrees postoperatively after a mean follow-up of
1 months.
In a retrospective study, Austin et al. [4] compared the shoulder
cores and complications in patients with RSA for revision arthro-
lasty with patients who had received RSA as a primary procedure
nd identiﬁed patient-speciﬁc factors that affected the results. They
ompared 28 RSAs for failed arthroplasty with a control group
onsisting of 28 primary RSAs and determined the Penn Shoulder
PENN), ASES, and Single Assessment Numeric Evaluation (SANE)
cores. They showed that all scores were higher in primary RSA
han in revision RSA. These results might explain our relatively low
ostoperative CS, ASES score, and DASH score values in comparison
o the published results for primary RSA. Nevertheless, in patients
ith failed total shoulder arthroplasty (TSA) and frequently withHSA: hemi-shoulder arthroplasty; TSA: total shoulder arthroplasty; OA: osteoarthri-
rotator cuff tears, subscapularis insufﬁciency, prosthetic instabil-
ity, or glenoid bone deﬁciency, the preoperative status is often so
poor that even these postoperative results are satisfactory. Melis
et al. [22] reported on a retrospective multicenter cohort study of 37
consecutive, anatomical TSAs revised with RSA for aseptic glenoid
loosening or failure. They concluded that revision with a RSA repre-
sents a reliable therapeutic option that provides the double beneﬁt
of glenoid bone stock reconstruction and of solving the problem
of soft tissue insufﬁciency and prosthetic instability. However, as
our 3D motion analysis showed, the functional result of patients
actually showed an improvement in maximum active ﬂexion and
abduction, but the patients were only able to use this greater ROM
to their beneﬁt in one of four ADLs. This might reﬂect the poor pre-
operative situation in revision cases with loss of the tubercles and
impaired active ROM that cannot be fully straightened out by RSA.
RSA seems to have its main improvement in the ﬂexion/extension
plane in ADLs. This scientiﬁcally proven information can be used
for preoperative discussion with future patients.
There are some limitations to the current study. It presents a
short-term follow-up with no revisions after 12 months. A longer
follow-up is mandatory to detect possible revisions and see if the
patients maintain the ROM achieved with RSA in the early follow-
up. There were no preoperative arthro-CT scans to analyze the
tubercles (nonunion, osteolyses) and the cuff status, so there is no
clear analysis of possible different preoperative anatomical condi-
tions. Only six patients performing four ADLs were included as a
pilot study in the current study. This, however, can be explained by
the time-consuming study set-up, which makes the examination
of a larger study population more difﬁcult. Further ADL tasks could
be added in future studies.
5. ConclusionRSA can be an efﬁcient salvage procedure in the management of
failed arthroplasty due to rotator cuff-related instability and failed
osteosynthesis in fractures. The procedure improved maximum
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